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large amount of heavy ions is present in the corona discharge. The time 
required for the evolution of the corona pressure is calculated and found to be 
in agreement with experience. The phenomena of pressure increase in alter-
nating current corona are also explained. 
U N I V E R S I T Y O F ILLINOIS , 
November 6, 1921. 
T H E VIBRATION OF WIRES IN THE CORONA. 
BY CHARLES S. FAZEL. 
T H E vibration of wires carrying a sufficiently high potential to show the 
corona has been reported by a number of observers. This effect takes place 
in both the direct and alternating current corona. In view of the close relation 
between the electric wind, the corona pressure, and this type of vibration, the 
conditions for its production have been studied. Thus far these studies have 
been confined to the case of an alternating potential between parallel wires. 
It has been found that in order to get maximum vibration the natural fre-
quency of the wire must be the same as that of the impressed potential. 
However it is necessary that the tension on the wire be small. That is the 
resonance amplitude is larger with smaller tension. 
As the voltage is increased the amplitude increases very abruptly but soon 
reaches a constant value. This value is maintained as the voltage is increased 
until a critical voltage is reached where another sharp increase to a constant 
value is observed. The location of this critical voltage depends on the dis-
tance between the wires. The final value of the amplitude is maintained 
until the arc stage is reached. 
The relation between the voltage and the amplitude may be explained on 
Kunz's theory of the corona pressure. In the first stage the vibration of the 
wire is due to the momentum of the high mobility carriers. When sufficient 
electric force is available to get the low mobility, heavy carriers across in the 
time between alternations, their effect is shown by the second stage of the curve. 
UNIVERSITY OF MICHIGAN. 
T H E PATH OF A RIGID ELECTRON MOVING IN A MAGNETIC FIELD OF CONSTANT 
STRENGTH ROTATING WITH CONSTANT ANGULAR VELOCITY. 
BY E. O. HULBURT. 
A RIGID electron is assumed of mass m and charge e. The reactions on its 
motion due to finite size, radiation, and the variation of mass with velocity 
are neglected. The electron is subjected to a magnetic field H which rotates 
in the XZ plane. The X, Y and Z components of the magnetic field are, 
respectively, H cos co/, 0, and H sin oot, where co/27r is the frequency of rotation. 
Let x, y and z be the positional coordinates of the electron. When Newtonian 
notation and electromagnetic units are used, the equations of motion of the 
electron are 
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in .. . . 
— x = —• Hy s in cot, 
e 
fYl 
— y = H (x sin cot — z cos cot), 
e 
m .. . 
— z — Hy cos cot. 
e 
These equations were solved and the constants determined for two sets of 
initial conditions. Given initially £ = 0, x ~ y = z — x — y = 0 and z = W, 
the path of the electron was found to be a wavy curve inside of a ring whose 
axis is parallel to the Y axis. Given initially t = ofx = y~z = x = z = 0 
and y = V, the path of the electron was a rather complicated type of spiral 
winding in the general direction of the Y axis. 
A special case occurs when 00 is large. By means of high-frequency alter-
nating current, such as is obtained in electron tube circuits, it is possible to 
produce magnetic fields which rotate with frequencies of the order of io6. 
When co is large the positional coordinates of the electron in some cases become 
large, the velocities, however, remain in general small. Hence the magnetic 
field when rotating at high frequency does not impart a great velocity to the 
electron. 
S T A T E U N I V E R S I T Y OF IOWA, 
November, 1921. 
T H E EFFECT OF AGEING ON THE SECONDARY ELECTRON EMISSION FROM 
COPPER SURFACES. 
B Y L. E . M C A L L I S T E R . 
SOME experiments on the secondary electron emission from copper surfaces 
were reported by Dr. I. G. Barber in the PHYSICAL REVIEW of March, 1921, 
and by Millikan and Barber in Proceedings of the National Academy of 
Science, Jan., 192.1. In these reports they outline methods for obtaining 
measurements on the velocity of emission of secondary electrons from a copper 
surface and the number of secondaries emitted per primary for various veloc-
ities of impact. They also suggest a possible method for measuring the ion-
ization potential of the surface considered. This method has been found to 
give consistent results to less than one volt. 
Similar and modified observations on the same apparatus have been made 
at various times during the year following those reports. These observations 
show that the number of secondaries per primary as well as the ionization 
potential gradually increases as the surface is aged by heating in vacuo in 
which the residual gas is air. The number of secondaries per primary can be 
reduced to the original values by heating the surface in an atmosphere of 
hydrogen. This experiment can be done repeatedly with the same results, 
indicating that the copper surface gradually changes to a copper oxide surface 
